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Communication system and communication control method for realizing reliable 
communication using a dual bus 



(57) The present invention contains the following 
features [1] to [5]: 

f1 1 A master station (100) and a slave station (500) 
are connected using two redundant buses 
(151,171,152,172). Command frames having the 
same content are sent out to the buses and the 
communication process is changed depending on 
whether or not the contents of these command 
frames when received by a receiving station are 
identical. 

[2] A plurality of units is connected to each bus in a 
multidrop configuration. The line length of the buses 
is defined so that reflected signals from other units 
reach a receiving unit on the buses after the transi- 
tion period of a received signal at that receiving unit 
ends. 

[3] A unit is connected to each bus and the unit is 
provided with a driver IC. Transmission data is first 
encoded into bit signals having a fixed number of 
bit 1's, then the signals are supplied to the driver I c. 

(4) A plurality of strobe signals is generated at dif- 
ferent timings in a transmitter circuit. As many latch 
circuits as the number of strobe signals are provid- 
ed in a receiver circuit so that data is retained in 
each latch circuit using the strobe signals, one at a 
time. 



[5] In cases where a bus master wants to use adata 
bus again after it has finished using the data bus, 
an examination is carried out in order to check if ar- 
bitration has been carried out using an arbitration 
bus thereafter. 

If no arbitration has been carried out, the arbitration pro- 
cedure using the arbitration bus is skipped and the bus 
master is permitted to acquire the right to use the data 
bus. 

FIG. 7 
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Description 

[Background of the Invention] 
1 . Field of Invention 

[0001] The present invention relates to a communica- 
tion system and a communication control method 
wherein stations are connected to buses to communi- 
cate with each other through the buses. 



2. Description of the Prior Art 

[0002] In a computing system, the whole circuitry of a 
system is typically divided into CPU sections, storage 
unit sections, input/output interface sections, and so on, 
and a plurality of printed wire boards comprising these 
sections is installed in the system. These printed wire 
boards are interconnected by connecting between con- 
nectors attached to the boards through a bus. A board 
provided with connectors and a bus is generally called 
a backplane. A communication system is built using a 
backplane to enable printed wire boards in the system 
to communicate with each other. The prior art and its 
problems found in a communication system where 
backplanes were adopted are described separately in 
the following paragraphs (a) to (e). 

(a) Prior Art and Problems Associated with It 

[0003] In a communication system comprising master 
and slave stations, a bus connecting between the sta- 
tions is often duplicated in order to increase communi- 
cation reliability. 

[0004] In such a dual-redundant bus system, the two 
redundant buses are used alternately as long as both 
buses are normal. If one of the buses fails, the other 
normal bus is used to continue communication. 
[0005] Meanwhile, concurrent communication is car- 
ried out in order to check periodically whether or not the 40 
failed bus has recovered. 

[0006] Another problem with the above-mentioned 
example of the prior art is that master-slave communi- 
cation does not take place unless a processor in a mas- 
ter station is aware of the status of the redundant buses. *s 
[0007] More specifically, the processor must be aware 
of which of the two redundant buses is the active bus or 
the standby bus. 

[0008] Yet another problem is that control must be 
carried out to switch from one bus to the other when ei- 
ther of them fails. 

[0009] Yet another problem is that the integrity of 
transferred data is checked by adding check bits to the 
data. Although this check using check bits can examine 
the integrity of data on the bus, it cannot examine the 
integrity of data in areas other than the bus, such as bus 
interfaces, bridges and repeaters. 



(b) Prior Art and Problems Associated with It 

[0010] In communication systems, there are various 
reasons why the waveform of a bus signal may become 
s distorted, as described in the following paragraphs. 
[0011] Figure 1 is a schematic representation show- 
ing an example of the configuration of a conventional 
communication system. 
[0012] Referring to Figure 1 , a plurality of units 21 to 
*o 2n is connected to a bus 1 in a multidrop configuration. 
The units 21 to2n communicate with each other through 
the bus. 

[0013] Figure 2 is the equivalent circuit of the bus 1 . 
[0014] As shown in Figure 2, the bus 1 has its own 
is inductance L and stray capacitance C. 

[0015] When any of the units is connected to the bus, 
the circuit impedance decreases because of the capac- 
itance component of the unit itself. 
[0016] Accordingly, a signal transferred through the 
20 bus to the unit reflects at points where other units are 
connected. 

[0017] For example, if a signal is sent from the unit 21 
to the unit 22 in Figure 1 , reflected signals occur at the 
connection points of the units 22 to 2n. 
25 [0018] Figure 3 shows the waveform of a signal at 
point B. Signals reflected by the units 23 to 2n reach 
point B before the signal received by the unit 22 changes 
from a high-level state to a low-level state. As a result, 
the reflected signals from the units 23 to 2n are super- 
30 posed with the received signal, as shown in Figure 3, 
thus increasing the degree of waveform distortion. This 
may cause the receiving unit 22 to malfunction. In the 
example in Figure 3. the magnitude of the superposed 
reflected signals exceeds the low-level threshold. 
55 [0019] In order to avoid this problem, the following re- 
strictions are applied in the prior art. 



Special devices having low capacitance should be 
used with units. 

The number of connected units should be reduced. 

[0020] It is required to control the effects of such re- 
flected signals without being subject to these restric- 
tions. 

(c) Prior Art and Problems Associated with It 



[0021] The following paragraph describes other rea- 
sons why the waveform of a bus signal may become 
so distorted. 

[0022] In a communication system, the transmitter cir- 
cuit of a unit is provided with a driver IC that sends out 
signals to a bus. If any one bit, among the bits input to 
the driver IC, is kept static and all other bits are switched 
ss at the same time, the ground potential of the driver IC 
increases. This phenomenon is known as ground 
bounce; noise may be induced at the static bit due to 
the effects of the ground bounce. This noise is known 
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as simultaneous switching noise; faulty data may be 
transferred due to the simultaneous switching noise. 
[0023] Once the ground bounce occurs, it takes some 
time for the ground potential to return to zero. This re- 
sults in an increase in the communication delay time. 
[0024] For these reasons, it is required to reduce the 
effects of the ground bounce. 



(e) Prior Art and Problems Associated with It 



(d) Prior Art and Problems Associated with It 

[0025] Figure 4 is a schematic configuration of a 
standard communication system. 
[0026] In Figure 4, a transmitter circuit 11 and a re- 
ceiver circuit 1 2 are connected to a transmission line 10 
that constitutes a bus. Data is transferred from the trans- 
mitter circuit 11 to the receiver circuit 12 through the 
transmission line 10. 

[0027] In the communication system described 
above, the transmitter circuit 11 and the receiver circuit 
12 operate on asynchronous clocks having different 
phases. Before any signal transfer can be carried out in 
the communication system, data transmitted using the 
clock in the transmitter circuit must be somehow syn- 
chronized with the clock in the receiver circuit. 
[0028] If data needs to be transferred using start-stop 
synchronization that transmits data only, this synchroni- 
zation is achieved by using a clock faster than the data 
transfer rate for the receiver circuit to sample the data. 
Normally, as a high-speed clock, a clock having a fre- 
quency approximately 16 times the data transfer rate is 
used. 

[0029] If data needs to be transferred using clock syn- 
chronization that sends data together with a clock sig- 
nal, this synchronization is achieved by writing the data 
once into a FIFO circuit in the receiver circuit using the 
transmitted clock signal, and then reading the data from 
the FIFO circuit using the clock in the receiver circuit. 
[0030] In data transfer based on start-stop synchrony 
zation, the receiver circuit must be provided with a clock 
that operates at speeds higher than the data transmis- 
sion rate. As a result, the data transmission rate must 
be lower than the frequency of the clock available for 
the receiver circuit. For this reason, high-speed signal 
transfer has been difficult to achieve. 
[0031] In data transfer based on clock synchroniza- 
tion, the data is once written into a FIFO circuit in the 
receiver circuit using the transmitted clock signal. For 
this reason, faulty data may be written into the FIFO cir- 
cuit if the waveform of a received clock signal is distort- 
ed. The waveforms of signals that propagate between 
circuits connected to a transmission line that constitutes 
a bus are distorted due to the capacitive load of the 
transmission line or the effects of noise that enters the 
transmission line. This makes it difficult to achieve high- 
speed, consistent signal transfer 



[0032] In a communication system where two or more 
bus masters share the same system resources, such as 
5 storage units, through a common bus, requests from the 
respective bus masters to use the bus may fall into con- 
tention. If this happens, some means of control must be 
used to decide which bus master should use the bus 
first. Bus arbitration is carried out for this purpose. 
10 [0033] Figure 5 is an example of the schematic con- 
figuration of the conventional communication system. 
[0034] In Figure 5, bus masters 31 to 3n are connect- 
ed to a data bus 42 and an arbitration bus 43. A slave 
44 is, for example, a storage unit and is connected to 
is the data bus 42. An arbiter 45 is incorporated in each of 
the bus masters 31 to 3n. The arbiter 45, after having 
gone through an arbitration procedure using the arbitra- 
tion bus 43, permits the bus master which has acquired 
the right to use the data bus 42, to do so. 
20 [0035] The bus master that has acquired the right to 
use the data bus 42 gains access to the slave 44. 
[0036] Figure 6 is a schematic representation show- 
ing the behavior of the conventional communication sys- 
tem shown in Figure 5. 
25 [0037] In the example shown in Figure 6, bus masters 

31 and 32 acquire the right to use a data bus 42 in suc- 
cession in the order of the bus master 31 then 32 and 

32 then 31. In this process, an arbitration action using 
an arbitration bus 43 takes place each time the right of 

30 use is acquired. 

[0038] In this example of the conventional communi- 
cation system, however, when a bus master that has ac- 
quired the right of use wants to use the data bus again 
in succession, the arbitration action also takes place 

35 even if no other bus master requests use of the data 
bus. In the example shown in Figure 6 where the bus 
master 32 uses the data bus in two consecutive rounds, 
the arbitration action takes place each time the bus mas- 
ter acquires the right of use. This method of arbitration 

40 involves a waste of time and leads to the problem of sys- 
tem performance degradation. The amount of wasted 
time increases especially when one particular bus mas- 
ter alone uses the data bus very often. 
[0039] As described above, there have been various 

4 5 problems with conventional communication systems. 

[Summary of the Invention] 



[0040] The present invention is intended to avoid the 
50 problems described in paragraphs (a) to (e) above. Ac- 
cordingly, it is an object of the present invention to pro- 
vide a communication system and communication con- 
trol method whereby communication can be carried out 
without being aware of the state of a dual-redundant 
55 bus; the integrity of data in areas other than the bus can 
also be examined; and high-speed, highly reliable com- 
munication can be achieve^ 
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[Figure 1] 
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nal observed at point D. 
[Figure 12) 



[0041] Figure 1 is the schematic configuration of an s p>0S2] Figure 12 is a schematic representation show 



example of a conventional communication system 
[Figure 2] 

[0042] Figure 2 is the equivalent circuit diagram of the io 
bus shown in Figure 1 . 

[Figure 3] 



ing an example of the configuration of the bus shown in 
Figure 10. 

[Figure 13J 

[0053] Figure 1 3 is a schematic representation show- 
ing the configuration of yet another embodiment of the 
present invention. 



[0043] Figure 3 is the schematic waveform of a signal is [Figure 1 4] 
observed at point B. 



[Figure 4] 

[0044] Figure 4 is the schematic configuration of a 20 
standard communication system. 

[Figure 5] 

[0045] Figure 5 is an example of the schematic con- 25 
figuration of a conventional communication system. 

[Figure 6] 



[0054] Figure 1 4 is a schematic representation show- 
ing an example of the configuration of the transmitter 
circuit shown in Figure 1 3. 

[Figure 15] 

[0055] Figure 1 5 is a schematic example of a conver- 
sion table for coding. 

[Figure 16] 



[0056] Figure 16 is a schematic representation show- 
rnn>lei '"9 an example of the configuration of the receiver circuit 

[0046] Figure 6 is a schematic representation show- 30 shown in Figure 13. 
ing the behavior of the example of the conventional com- 
munication system shown in Figure 5. [Figure 17] 

[Figure 7] 



[0047] Figure 7 is a schematic configuration of one 
embodiment of the present invention. 

[Figure 8] 

[0048] Figure 8 is a schematic representation show- 
ing the behavior of the communication procedure con- 
trol unit shown in Figure 7. 



[0057] Figure 1 7 is a schematic representation show- 
35 ing the configuration of yet another embodiment of the 
present invention. 

[Figure 18] 

40 [0058] Figure 1 8 is the timing chart of signals used in 
the example of the embodiment shown in Figure 17. 



[Figure 9] 

[0049] Figure 9 is another schematic representation 
showing the behavior of Ihe communication procedure 
control unit shown in Figure 7. 

[Figure 10] 

[0050] Figure 10 is a schematic configuration of an- 
other embodiment of the present invention. 

[Figure 1 1 ] 

[0051] Figure 11 is the schematic waveform of a sig- 



[Figure 19] 

45 [0059] Figure 19 is a schematic configuration of yet 
another embodiment of the present invention. 

[Figure 20] 

so [0060] Figure 20 is a schematic configuration of the 
main part of the embodiment of Figure 19. 

[Figure 21] 

55 [0061] Figure 21 is a schematic representation show- 
ing the operation of the embodiment of Figure 19. 
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[Description of the Preferred Embodiments] 

[0062] The present invention is described below using 
the accompanying drawings. 

[0063] Embodiments 1 to 5 described below are those 
of communication systems that are free from the prob- 
lems discussed in paragraphs (a) to (e). 
[0064] Embodiments 1 to 5 are described separately 
in paragraphs (1) to (5). 

(1) Embodiment 1 



[0065] Figure 7 is a schematic representation show- 
ing the configuration of one embodiment of the present 
invention. 

[0066] In Figure 7, two redundant buses 151 and 152 
are connected to a master station 100. Buses 151 and 
1 52 are connected to two redundant buses 1 71 and 1 72 
through relay equipment 161 and 162, respectively. The 
buses 171 and 1 72 are connected toa slave station 500. 
The relay equipment 161 and 162, for example, are 
bridges or repeaters. 

[0067] The relay equipment 161 and 162 may be ex- 
cluded from this embodiment. 

[0068] In that case, buses 151 and 152 are identical 
to buses 171 and 172. 

[0069] In a master station 100. a processor 110 con- 
trols the master station as a whole. A sequencer 1 20 is 
connected to buses 1 5 1 and 1 52 through bus interfaces 
1 31 and 1 32. The sequencer 1 20 is provided with a com- 
munication unit 121, a communication procedure con- 
trol unit 122 and an annunciator 123, the behavior of 
which are described later. 

[0070] In a slave station 500, a subordinate unit 510 
is a device that operates under the command and con- 
trol of a master station 1 00 and is memory in the exam- 
ple shown in Figure 7. A sequencer 520 is connected to 
buses 171 and 172 through bus interfaces 531 and 532. 
The sequencer 520 is provided with a communication 
unit 521 and a communication procedure control unit 
522, the behavior of which are described later. 
[0071] The behavior of the communication control 
system in Figure 7 is described as follows. 
[0072] The communication unit 121 in the sequencer 
120 simultaneously sends out two command frames 
having the same content to the buses 151 and 152. The 
command frames contain added test bits. The transmit- 
ted command frames travel through the buses 151 and 
152, relay equipment 161 and 162, then buses 171 and 
1 72 to reach the slave station 500. 
[0073] At the slave station 500, the communication 
unit 521 receives the command frames. Then, the com- 
munication procedure control unit 522 processes the re- 
ceived command frames. 

[0074] Figure 8 is a schematic representation show- 
ing the behavior of the communication procedure con- 
trol unit 522. 

[0075] The communication procedure control unit 522 



performs a test of valid data transfer using check bits on 
the contents of fhe two command frames that the slave 
station receives through the buses 171 and 172, and 
examines whether or not the contents of the received 
5 two command frames match. The communication pro- 
cedure control unit then executes the processes de- 
scribed below depending on the results of the test and 
examination. The received contents are checked for er- 
rors by, for example, means of a cyclic redundancy 
io check (CRC). 

[1 ] If command frames, which are judged to be nor- 
mal by means of the check bits, are received 
through both buses and the contents of the received 
is two command frames match, the communication 
procedure control unit acts as dictated by the com- 
mand and returns normal-end responses having 
the same content to both buses. 
[2] If a command frame, which is judged to be nor- 
mal by means of the check bits, is received through 
either bus, the communication procedure control 
unit acts as dictated by the command and returns a 
normal-end response to only the bus that received 
the command frame. 

[3] If command frames, which are judged to be nor- 
mal by means of the check bits, are received 
through both buses but the contents of the received 
two command frames do not match, the communi- 
cation procedure control unit ignores the contents 
30 of the commands and returns abnormal-end re- 
sponses having the same content to both buses. 
[4] If a command frame, which is judged to be nor- 
mal by means of the check bits, is not received 
through either of the buses, the communication pro- 
cedure control unit does not return any response to 
either of the buses. 
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[0076] In these processes, the notion "command 
frames, which are judged to be normal by means of the 
check bits, are received" means that the command 
frames are received and the results of examination us- 
ing the check bits are normal. 

[0077] Meanwhile, the communication unit 521 sends 
out response frames received from the communication 
procedure control unit 522 to the buses 171 and 172. 
The communication unit adds check bits to the response 
frames before it sends them out. 
[0078] At the master station 100, the communication 
procedure control unit 122 monitors for responses from 
the slave station 500. 

[0079] Figure 9 is a schematic representation show- 
ing the behavior of the communication procedure con- 
trol unit 122. 

[0080] The communication procedure control unit 1 22 
monitors for responses from the slave station 500 and 
executes the processes described below depending on 
the results of monitoring. 
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[1 ] If response frames, which are judged to be nor- 
mal by means of the check bits, are received 
through both buses and if they are normal-end re- 
sponses whose contents match, the communica- 
tion procedure control unit informs the processor 
11 0 of the normal end of access. 
12] If a response frame : which is judged to be normal 
by means of the check bits, is received through ei- 
ther bus and if it is a normal-end response, the com- 
munication procedure control una informs the proc- 
essor 110 of the normal end of access. 
[3J If response frames, which are judged to be nor- 
mal by means of the check bits, are received 
through both buses but the contents of the received 
two response frames do not match; or 



If response frames, which are judged to be nor- 
mal by means of the check bits, are received 
through both buses and if they are abnormal- 
end responses whose contents match; or 
If a response frame, which is judged to be nor- 
mal by means of the check bits, is received 
through either bus and if it is an abnormal-end 
response; 

the communication procedure control unit in- 
forms the processor 110 of the abnormal end 

of access. 

[4] If a response frame judged to be normal by 
means of Ihe check bits is not received through ei- 
ther of the buses, the communication procedure 
control unit informs the processor 110 of the abnor- 
mal end of access. 

[0081] The annunciator 123 informs the processor 
110 which of the above-mentioned cases [1J to [4] the 
access to the slave station fell under before it ended. 
[0082] The communication procedure control unit 1 22 
sets a status flag that indicates the "state of the bus 1 71 , 
state of the bus 1 72 and the conformity of received con- 
tents. " The processor 110 checks the status flag when 
it diagnoses the states of buses. 
[0083] The advantages offered by embodiment 1 are 
as follows: 

[1] It is possible to separate data exchange from 
control of a dual-redundant bus. As a result, data 
exchange can be carried out between the master 
and slave stations without requiring the processor 
in the master station to be aware of the state of the 
dual-redundant bus during normal access. 
[2| In a case where frames are received through 
both buses at cither the master or slave station and 
both frames prove to be normal by examination us- 
ing check bits, the frames are judged to be abnor- 
mal if their contents do not match. This method of 
examination makes it possible to check the integrity 
of the received contents of frames at functional 



components, such as bus interfaces and bridges, 
where errors could not be detected using check bits. 

(2) Embodiment 2 

s 

[0084] Figure 10 is a schematic representation show- 
ing the configuration of another embodiment of the 
present invention. 

[0085] In Figure 10, a plurality of units from 71 to 7n 
10 is connected to a bus 60 in a multidrop configuration. 
[0086] The line length of the bus 60 satisfies the fol- 
lowing conditional formula. 

(Transition time of a transmission signal on bus 60) < 
'5 (Time required for the transmission signal to make a 
round trip between two units with the shortest 
communication path) 



[0087] There is a backplane bus as one example of 
20 the bus 60. 

[0088] In Figure 10, if a signal is sent from a unit 71 
to a unit 72 for example, reflected signals are produced 
at the connections of the units 72 to 7n. 
[0089] Figure 11 shows the schematic waveform ob- 
2S served at a point D. At the point D : the signal received 
by the unit 72 changes from a high-level state to a low- 
level state before signals reflected by the other units 73 
to 7n reach the point D. As a result, as shown in the 
figure, the signals reflected by the units 73 to 7n never 
30 coincide with the transition of the signal received by the 
unit 72 and are independent of each other. This means 
the magnitude of superposed reflected signals never 
crosses the threshold of the low-level state and, there- 
fore, the receiving unit 72 never malfunctions. 
35 [0090] Figure 1 2 is a schematic representation show- 
ing an example of the configuration of the bus 60. 
[0091] As shown in Figure 1 2, the bus 60 is structured 
in a zigzag wiring pattern on a printed wire board 61 . 
[0092] In accordance with embodiment 2 of the inven- 
^0 tion, the line length of the bus 60 is determined so that 
the transition time of a transmission signal on the bus is 
shorterthan the time required for the transmission signal 
to make a round trip between any two of the units. 
[0093] As a result the transition time of a signal at any 
45 receiving unit passes before signals reflected by other 
units reach the receiving unit. The reflected signals are 
independent of each other, thus preventing the receiving 
unit from malfunctioning. This suppresses the effects of 
any reflected signal occurring on the bus. 
^0 [0094] Furthermore, since the bus is structured in a 
zigzag wiring pattern on a printed wire board, the overall 
line length of the bus can be increased by effectively 
using the narrow space of the board. 



55 (3) Embodiment 3 

[0095] Figure 1 3 is a schematic representation show- 
ing the configuration of yet another embodiment of the 
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present invention. 

[0096] In Figure 1 3, a bus 60 consists of a control sig- 
nal bus 601 and a data bus 602. ■ 
[0097] A unit 71 is provided with a transmitter circuit 
711 and a unit 72 is provided with a receiver circuit 721 . 
[0098] Both the transmitter circuit 7 1 1 and the receiv- 
er circuit 721 may be incorporated in any single unit. 
[0099] Figure 1 4 is a schematic representation show- 
ing one example of the configuration of the transmitter 
circuit 711. 

[0100] In Figure 14, a logic part 712 outputs the con- 
trol signal CTL and data D3-0. These are bit signals. In 
the example shown in the figure, data D3-0 is 4-bit data. 
[0101] An encoder 71 3 encodes data sent by the logic 
part 7 1 2 into a bit signal having a fixed number of bit 1 's. 
In the example shown in the figure, data D3-0, which is 
4-bit data, is encoded into DATA4-0 which is 6-bit data. 
[0102] Figure 15 is an example of a code conversion 
table. 

[0103] An encoder 713 encodes data D3-0 into data 
DATA4-0 according to this table. Data DATA4-0 contains 
bit 1 's whose quantity is fixed at either two or three. 
[0104] Referring back to Figure 14, a driver IC 714 
outputs the control signal CTL and data DATA4-0 to a 
bus 60. 

[01 05] At this point, the number of bit 1 's contained in 
the data DATA4-0 supplied to the driver IC 714 remains 
fixed at either two or three even if the states of bits in 
data D3-0 change simultaneous^ while the states of bits 
in the control signal CTL are kept static. As a result, the 
effects of ground bounce are suppressed and the static 
bits of the control signal CTL are protected against in- 
duced noise. 

[01 06] Figure 1 6 is a schematic representation show- 
ing one example of the configuration of the receiver cir- 
cuit 721. 

[0107] In Figure 16, a receiver circuit 722 receives the 
control signal CTL and data DATA4-0 sent through the 
bus 60. A decoder 723 decodes data DATA4-0 back into 
data D3-0. As a result, the data transmitted by a trans- 
mitter circuit 71 1 is restored. A logic part 724 processes 
the control signal CTL and data D3-0. 
[0108] The number of bits in data before and after 
coding and the number of bit 1 's in data after coding may 
be other than those mentioned above. 
[0109] In embodiment 3 of the present invention, 
transmission data is encoded into a bit signal having a 
fixed number of bit 1's before it is supplied to a driver 
IC. As a result, it is possible to reduce the effects of 
ground bounce. 
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(4) Embodiment 4 

[0110] Figure 17 is a schematic representation of the 
configuration of yet another embodiment of the present 
invention. 

[0111] In Figure 17, a transmitter circuit 8 and a re- 
ceiver circuit 9 are connected to a transmission line 200. 
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[0112] In the illustrated example, only one each of the 
transmitter circuit 8 and the receiver circuit 9 is shown 
for convenience of explanation, though the number of 
these circuits is not limited to that mentioned herein. 
[01 1 3] In the transmitter circuit 8, a transmitter circuit 
81 sends out data DATA to a transmission line 200. A 
multi-strobe generation circuit 82 generates as many as 
N strobe signals (N is an integer) having different strobe 
timings onto a transmission line 200. In the illustrated 
example, the multi-strobe generatbn circuit generates 
three strobe signals, i.e., S1 , S2 and S3. 
[0114] The receiver circuit 9 is provided with as many 
latch circuits as the number of strobe signals. In the il- 
lustrated example, three latch circuits, i.e., latch circuits 
901 , 902 and 903, are provided. Data sent by the trans- 
mitter circuit 81 is successively retained in the latch cir- 
cuits 901 , 902 and 903 : in this order, at the points in time 
of SI , S2 and S3, respectively. If there are N strobe sig- 
nals, the receiver circuit is provided with as many latch 
circuits. 

[0115] Outputs of the latch circuits 901, 902 and 903 
are supplied to multiplexers 911, 912 and 913. 
[0116] Flip-flops 921, 922 and 923 are supplied with 
selected outputs of the multiplexers 911, 912 and 913, 
respectively, and at the same time feed their own out- 
puts back to the multiplexers. 

[0117] A multiplexer 93 selects one of the outputs of 
the multiplexers 921 , 922 and 923 to output it. This out- 
put serves as the synchronized data. 
[0118] A flip-flop 94 is a circuit for detecting the start- 
ing point of communication and set as triggered by the 
rising edge of a strobe signal S1 . A flip-flop 95 synchro- 
nizes the strobe signal S1 with the receiver clock CLK. 
The receiver clock CLK has the frequency equivalent to 
the transmission rate of data DATA. 
[0119] A control circuit 96 receives the output of the 
flip-flop 95 and the receiver clock CLK to control the 
switching of the multiplexers 911, 912. 913 and 93 and 
resets the flip-flop 94 at the end of communication. 
[01 20] The multiplexers 91 1 , 91 2, 91 3 and 93, the flip- 
flops 921, 922, 923, 94 and 95 : and the control circuit 
96 constitute a sampling circuit that samples data re- 
tained in the latch circuits 901, 902 and 903 using the 
receiver clock CLK having the frequency equivalent to 
the transmission rate of data DATA, in order to synchro- 
nize the data with the receiver clock. 
[0121] The behavior of the embodiment of Figure 17 
is described as follows. 

[0122] Figure 18 is a signal timing chart for the em- 
bodiment of Figure 17. 

[01 23] As strobe signals, the embodiment is provided 
with three signals, i.e., S1, S2 and S3. The strobe sig- 
nals are at a high level when no communication is car- 
ried out. The moment when a strobe signal changes 
from a low-level state to a high-level state is the time 
data is strobed. 

[0124] A receiver circuit 8 drives data DATA and the 
three strobe signals, i.e.. S1 , S2 and S3, to transmit the 



7 



BNSDOCID: <EP 0942555A2 L> 



13 



EP 0 942 555 A2 



14 



data. 

[0125] At a receiver circuit 9, latch circuits 901 , 902 
and 903 retain data DATA at the timings of strobe signals 
Sl,S2andS3. 

[0126] In the example shown in Figure 18, data A. B s 
and C are retained in the latch circuits 901 , 902 and 903. 
The latch circuits 901 . 902 and 903 continue to hold the 
same data until the strobe signals make the next state 
transition. For example, the latch circuit 901 retains data 
A and continues to hold it until strobe signal S1 changes 10 
to a low-level state. 

[01 27] The sampling circuit samples data retained by 
the latch circuits 901, 902 and 903 using the receiver 
clock CLK having the frequency equivalent to the data 
transmission rate of data DATA to synchronize the data is 
with the receiver clock CLK. Although the receiver clock 
CLK is not synchronized with strobe signals SI , S2 and 
S3, the above-mentioned synchronization can still be 
achieved by sampling the data retained in the latch cir- 
cuits 901 , 902 and 903 using the receiver clock CLK be- 20 
fore the data changes. For example, data A may be 
sampled using the receiver clock CLK while the latch 
circuit 901 is retaining the data. A frequency equivalent 
to the data transmission rate of data DATA is therefore 
enough for the receiver clock CLK to achieve the syn- 2 
chronization. 

[0128] The advantages offered by embodiment 4 of 
the present invention are as follows. 

[1 ] The transmitter circuit only has to send data us- 3< 
ing N strobe signals in sequence, one by one. As a 
result, the transmitter circuit can be implemented on 
virtually the same scale of integration as that of the 
conventional transmitter circuit. 

[2] The receiver circuit is provided with N latch cir- 3i 
cuits in connection with N strobe signals to retain 
data at the activation of each of the strobe signals. 
Therefore, data retained in any of these latch cir- 
cuits remains unchanged until the strobe signal al- 
located to that latch circuit makes the next state 40 
transition. As a result, the receiver clock used to 
sample data retained in the latch circuit can be out 
of phase and asynchronous with the transmitter 
clock. Moreover a frequency equivalent to the data 
transmission rate is sufficient for the receiver clock. *s 
For this reason, the present invention does not re- 
quire a high-speed clock, which is faster than the 
data transmission rate, such as that used for data 
transmission based on start-stop synchronization. 
As a result, it is unnecessary to reduce the trans- so 
mission rate below the frequency of the clock pro- 
vided in the receiver circuit, thus permitting high- 
speed communication. 

[3] The flip-flops and control circuit for sampling in 
the receiver circuit are all designed to operate on ss 
the same receiver clock. That is, the receiver circuit 
does not contain any FIFO circuits or control circuits 
that operate by using received strobe signals as 



their ctock. 

[0129J Accordingly, the receiver circuit will not mal- 
function even if the strobe signals' waveforms become 
distorted due to the effects of a capacitive load or noise 
in the transmission line, thus ensuring consistent signal 
transfer. 

[01 30] As described herein according to embodiment 
4 of the present invention, it is possible to realize high- 
speed, consistent signal transfer. 

(5) Embodiment 5 

[01 31] Figure 1 9 is a schematic representation of the 
configuration of yet another embodiment of the present 
invention. 

[01 32] In Figure 1 9, bus masters 31 to 3n are provided 
with a pair of a monitor 46 and an arbiter 47. 
[01 33] The monitor 46 monitors signals on an arbitra- 
tion bus 43. 

[01 34] The arbiter 47, once a request to use the data 
bus is issued from the bus master to which the arbiter 
belongs, executes the following processes depending 
on the results of monitoring by the monitor 46. 

[1 J If no arbitration is carried out on the arbitration 
bus 43 after the bus master to which the arbiter be- 
longs has finished using the data bus 42 : the arbiter 
acquires the right to use the data bus without going 
through the arbitration procedure using the arbitra- 
tion bus 43. 

[2J If arbitration is carried out on the arbitration bus 
43 after the bus master to which the arbiter belongs 
has finished using the data bus 42, the arbiter ac- 
quires the right to use the data bus after having 
gone through the arbitration procedure using the ar- 
bitration bus 43. 

[01 35] Figure 20 is a schematic representation of the 
main part of the embodiment of Figure 19. 
[0136] A bus master 48 sends signal BR requesting 
to acquire the right to use the bus to an arbiter 47. When 
the bus master receives signal BG for informing acqui- 
sition of the right, it transmits data using a data bus 42. 
[01 37] The signal line of the arbitration bus 43 carries 
signals REQ3 to REQ0, which represent a request for 
the right to use the bus made by a bus master 30, as 
well as REQOUT signal. Signals REQ3 to REQO are in- 
put signaJs to the bus master 30 and REQOUT signal is 
an output signal from the bus master. Output REQOUT 
signal is supplied to the signal line of one of signals 
REQ3 to REQO. Signals REQ3 to REQO are prioritized 
in the order of REQO, REQ1 , REQ2 and REQ3. The 
number of signal lines need not be limited to the quantity 
mentioned herein. 

[0138] In this embodiment, arbitration is carried out 
according to the procedure described below. 



8 



<EP 0942555A2J_> 



15 



EP 0 942 555 A2 



16 



(A) Neutral State 

[01 39] If the bus master 30 is in a neutral state, there 
is no request from that bus master to use the bus. In this 
state, the data bus 42 or the output REQOUT signal is 
not driven from the bus master 30. 

(B) Transmission of Bus Request 

[0140] If a request to use the bus arises, the bus mas- 
ter 30 makes its own REQOUT signal active without de- 
lay, after confirming that signals REQ3 to REQ0 on the 
arbitration bus 43 are inactive. 

(C) Wait for Bus Request Settlement 

[0141] After sending out the REQOUT signal, the bus 
master 30 compares each of signals REQ3 to REQO on 
the arbitration bus 43 with its own REQOUT signal to 
find the order of priority, and then executes the following 

processes. 

[1] If the bus master 30 finds that there is a signal, 
among REQ3 to REQO on the arbitration bus 43, 
that has a higher priority than its own REQOUT sig- 
nal, then it temporarily withdraws its own REQOUT 
signal and enters a wait state. 
[2] If the bus master 30 finds there is only the 
REQOUT signal of its own on the arbitration bus 43, 
then it measures the period over which that condi- 
tion continues. As soon as the measured period 
reaches a specified value, the bus master acquires 
the right to use the data bus. 
[3] If the bus master 30 finds that there is a signal, 
among REQ3 to REQO on the arbitration bus 43, 
that has a lower priority than its own REQOUT sig- 
nal, then it enters a wait state with its own REQOUT 
signal held active. Thus, the bus master 30 waits 
until the signal having the lower priority disappears. 
As soon as the signal disappears, the bus master 
30 returns to the condition described in item [2] 
above. 
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[0142] Once the bus master 30 acquires the right to 
use the data bus, the bus master 48 transfers data using 
the data bus 42. While the data bus 42 is in use, the bus 
master 30 continues outputting the REQOUT signal. 
[0143] When the data bus is no longer in use, the bus so 
master 30 releases the data bus 42 and withdraws the 
REQOUT signal. 

(E) Monitoring for Request to Use Data Bus 



itor 46 brings its own bus master 30 into a neutral state. 
In that case, the monitor 46 forces its own bus master 
30 to enter the neutral state even if one of the signals 
among REQ3 to REQO has a lower priority than that of 
s the bus master 30's own REQOUT signal. 

[0145] If the request to use the bus is issued from the 
bus master 30 itself before any other bus masters, the 
bus master 30 uses the bus again. 

10 (F) Reuse of Bus 



[0146] When reusing the data bus 42, the bus master 
30 activates the REQOUT signal to immediately acquire 
the right to use the data bus. More specifically, the bus 
master immediately acquires the right without going 
through the arbitration procedure using the arbitration 
bus 43. 

[0147] This saves any wasteful arbitration time. When 
the bus master 30 finishes using the data bus 42, it re- 
leases the data bus and then withdraws the REQOUT 
signal to monitor for requests to use the data bus. That 
is, the bus master moves to the condition described in 
item (E). 

[0148] Figure 21 is a schematic representation of the 
behavior of the embodiment of Figure 1 9. 
[0149] In the embodiment of Figure 21 , a master sta- 
tion 32 uses a data bus 42 in two consecutive rounds. 
If there is no request issued by other bus masters to use 
the data bus when the master station 32 uses the data 
bus the second time, the master station immediately ac- 
quires the right to use the data bus without going through 
the arbitration procedure. 
[0150] This saves any wasteful arbitration time 
[0151] According to embodiment 5, any given bus 
master is permitted to acquire the right to use the data 
bus without going through the arbitration procedure us- 
ing the arbitration bus, if in a case where the bus master 
uses the data bus again, no arbitration is carried out af- 
ter the bus master has finished using the data bus. Sub- 
sequently, it is possible to save any wasteful arbitration 
time and improve system performance. 
[0152] The advantages of this embodiment are par- 
ticularly remarkable in cases where a particular bus 
master uses the bus very frequently. 
[0153] As described above by referring to embodi- 
ments 1 to 5, according to the present invention, it is 
possible to carry out communication without being 
aware of the state of a dual-redundant bus, examine the 
integrity of data also in areas other than the bus, and 
implement a communication system and a communica- 
tion control method that ensure high-speed, highly reli- 
able communication. 
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[0144] Subsequently, the monitor 46 monitors signals 
REQ3 to REQO on the arbitration bus 43. If another bus 1. 
master issues any of signals REQ3 to REQO, the mon- 



fn a communication system wherein a master sta- 
tion and a slave station are connected using two re- 
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dundant buses and communication between these 
stations is controlled, 

a communication unit for simultaneously send- 
ing out command frames having the same con- s 
tent from the master station to both of the re- 
dundant buses; and 

a communication procedure control unit for ver- 
ifying the conformity between the contents of 
two command frames received by the slave sta- io 
tion through the two redundant buses, and then 
selecting from among processes depending on 
the result of verification. 

2. In a communication system wherein a master sta- is 
tion and a slave station are connected using two re- 
dundant buses and communication between these 
stations is controlled, 

a communication unit for simultaneously send- 20 
ing out command frames having the same con- 
tent from the master station to both of the re- 
dundant buses, wherein the communication 
unit adds check bits to the command frames; 
and 25 
a communication procedure control unit for per- 
forming a test of valid data transfer using the 
check bits, on the contents of two command 
frames received by the slave station through 
the two redundant buses, verifying the con- 30 
formity between the contents of the two com- 
mand frames, and then selecting from among 
processes depending on the result of verifica- 
tion. 

35 

. In a communication system wherein a master sta- 
tion and a slave station are connected using two re- 
dundant buses and communication between these 
stations is controlled, 

40 

a processor for controlling the master station 
as a whole; a first communication unit for simul- 
taneously sending out command frames having 
the same content from the master station to 
both of the redundant buses, wherein the com- 4S 
munication unit adds check bits to the com- 
mand frames; and 

a first communication procedure conlrol unit for 
performing a test of valid data transfer using the 
check bits, on the contents of two command so 
frames received by the slave station through 
the two redundant buses, verifying the con- 
formity between the contents of the two com- 
mand frames, and then selecting a process, de- 
pending on the result of verification, from ss 
among processes including: 

[1] a process wherein, if command frames 



judged to be normal by means of the check 
bits are received through both buses and 
the contents of the received two command 
frames match, the communication proce- 
dure control unit acts as instructed by the 
command and returns normal-end re- 
sponses having the same content to both 
buses; 

[2] a process wherein, if a command frame 
judged to be normal by means of the check 
bits is received through either bus, the 
communication procedure control unit acts 
as instructed by the command and returns 
a normal-end response to only the bus that 
received the command frame; 
[3] a process wherein, if command frames 
judged to be normal by means of the check 
bits are received through both buses but 
the contents of the received two command 
frames do not match, the communication 
procedure control unit ignores the com- 
mands and returns abnormal-end respons- 
es having the same content to both buses; 
and 

[4] a process wherein, if a command frame 
judged to be normal by means of the check 
bits is not received through either of the 
buses, the communication procedure con- 
trol unit does not return any response to ei- 
ther of the buses. 

4. A communication system as defined in claim 3 com- 
prising: 

a second communication unit for sending out 
response frames from a slave station to two re- 
dundant buses, wherein the communication 
unit adds check bits to the response frames; 
and 

a second communication procedure control 
unit for monitoring responses from the slave 
station and then selecting the next process, de- 
pending on the results of monitoring, from 
among processes including: 

[1] a process wherein, if response frames 
judged to be normal by means of check bits 
are received through both buses and are 
normal-end responses whose contents 
match, the communication procedure con- 
trol unit informs said processor of the nor- 
mal end of access; 

[2] a process wherein, if a response frame 
judged to be normal by means of check bits 
is received through either of the buses and 
the content of the received response frame 
is a normal-end response, the communica- 
tion procedure control unit informs said 
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processor of the normal end of access; 
[3] r process wherein, if response frames 
judged to be normal by means of checkbits 
are received through both buses and the 
contents of the received two response s 
frames do not match; or if response frames 
judged to be normal by means of check bits 
are received through both buses and are 
abnormal-end responses whose contents 
match; or if a response frame judged to be io 
normal by means of check bits is received 
through either of the buses and the content 
of the received response frame is an ab- 
normal-end response, then the communi- 
cation procedure control unit informs said is 
processor of the abnormal end of access; 
and 

[4] a process wherein, if a response frame 
judged to be normal by means of check bits 
is not received through either of the buses, 20 
the communication procedure control unit 
informs said processor of the abnormal 
end of access. 

5. A communication system as defined in claim 4 com- 25 
prising an annunciator for informing said processor 

of which case, among said processes (1 ) to (4), the 
access to the slave station belonged to before it 

ended. 

30 

6. A communication control method wherein a master 
station and a slave station are connected using two 
redundant buses and communication between 
these stations is controlled, wherein command 
frames having the same content are simultaneously 35 
sent out from the master station to both of the re- 
dundant buses, check bits are added to the com- 
mand frames, the command frames sent through 

the two redundant buses are received by the slave 
station, a test of valid data transfer is performed us- 40 
ing the check bits to verify if the contents of the re- 
ceived two command frames match, and, depend- 
ing on the result of verification, a process is selected 
from among processes including: 

45 

[1] a process wherein, if command frames 
judged to be normal by means of the check bits 
are received through both buses and the con- 
tents of the received two command frames 
match, the communication control method acts so 
as instructed by the command and returns nor- 
mal-end responses having the same content to 
both buses; 

[2] a process wherein, if a command frame 
judged to be normal by means of the check bite ss 
is received through either bus, the communica- 
tion control method acts as instructed by the 
command and returns a normal-end response 8. 



to only the bus that received the command 
frame; 

[3] a process wherein, if command frames 
judged to be normal by means of the check bits 
are received through both buses but the con- 
tents of the received two command frames do 
not match, the communication control method 
ignores the commands and returns abnormal- 
end responses having the same content to both 
buses; and 

[4] a process wherein, if a command frame 
judged to be normal by means of the check bits 
is not received through either of the buses, the 
communication control method does not return 
any response to either of the buses. 

7. A communication control method as defined in 
claim 6 wherein response frames, to which check 
bits are added, are sent out from the slave station 
to the two redundant buses and the master station 
monitors responses from the slave station, and then 
selects a process, depending on the result of mon- 
itoring, from among processes including: 

[1] a process wherein, if response frames 
judged to be normal by means of the check bits 
are received through both buses and are nor- 
mal-end responses whose contents match, the 
communication control method informs the 
master station's processor of the normal end of 
access; 

[2] a process wherein, if a response frame 
judged to be normal by means of check bits is 
received through either of the buses and it is a 
normal-end response, the communication con- 
trol method informs said processor of the nor- 
mal end of access; 

[3] a process wherein, if response frames 
judged to be normal by means of check bits are 
received through both buses and the contents 
of the received two response frames do not 
match, if response frames judged to be normal 
by means of check bits are received through 
both buses and they are abnormal-end re- 
sponses whose contents match, or if a re- 
sponse frame judged to be normal by means of 
check bits is received through either of the bus- 
es and the content of the received response 
frame is an abnormal-end response, then the 
communication control method informs said 
processor of the abnormal end of access; and 
[4] a process wherein, if a response frame 
judged to be normal by means of the check bits 
is not received through either of the buses, the 
communication control method informs said 
processor of the abnormal end of access. 

A communication control method as defined in 
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claim 7 for informing said processor of which case, 
among said processes (1) to (4), the access to the 
slave station belonged to before it ended. 

A communication system wherein a plurality of units 
is connected to a bus in a multidrop configuration 
and communication between the units is carried out 
through the bus whose line length satisfies the fol- 
lowing conditional formula: 

(Transition time of a transmission signal on 
bus) < (Time required for the transmission signal to 
make a round trip between two units with the short- 
est communication path) 

10. A communication system as defined in daim 9 
wherein said bus is structured in a zigzag wiring pat- 
tern on a printed wire board. 
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A communication system, wherein a bus for trans- 
ferring a plurality of signals is installed, a plurality of 
units is connected to the bus, and a plurality of sig- 
nals is sent out from a driver IC in the transmitter 
circuit of each unit to the bus, comprising. 

an encoder located in front of said driver IC in 
order to send a transmission signal to said driv- 
er IC after encoding the signal into a bit signal 
having a fixed number of bits; and 
a decoder located in the receiver circuit of each 
unit in order to decode an encoded signal sent 
from the transmitter circuit back to the original 
signal. 
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12. A communication system, wherein transmitter and 
receiver circuits are connected to a transmission 
line forminq a bus and data is transferred between 
the circuits, said transmitter circuit having: 

a transmitter circuit for transmitting data, and 
a multi-strobe generation circuit for generating 
N strobe signals (N is an integer) each of which 
has a different timing, 
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and said receiver circuit having: 

as many latch circuits as the number of strobe 
signals, i.e., N strobe signals, which succes- 
sively retain data sent by said transmittercircuit 
at each point in time of the N strobe signals, and 
a sampling circuit which samples the data re- 
tained by said latch circuits using a receiver 
clock having a frequency equivalent to the data 
transmission rate to synchronize the data with 
the clock. 

A communication system, wherein bus arbitration 
is carried out to permit a bus master, which is incor- 
porated in a bus master connected to a data bus 
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and an arbitration bus and acquires the right to use 
the data bus after having gone through an arbitra- 
tion procedure using said arbitration bus. to use 
said data bus, comprising: 

a monitor for monitoring signals on the arbi- 
tration bus; and an arbiter which, if a request to use 
the data bus is issued from its own bus master, ex- 
ecutes a process, depending on the result of mon- 
itoring, among the processes including: 

[1] a process wherein, if no arbitration is carried 
out on the arbitration bus after the arbiter's own 
bus master has finished using the data bus, the 
arbiter acquires the right to use the data bus 
without going through the arbitration procedure 
using the arbitration bus; and 
[2] a process wherein, if arbitration is carried 
out on the arbitration bus after the arbiter's own 
bus master has finished using the data bus, the 
arbiter acquires the right to use the data bus 
after having gone through the arbitration proce- 
dure using the arbitration bus. 

14. A communication control method for carrying out 
bus arbitration to permit a bus master, which is in- 
corporated in a bus master connected to a data bus 
and an arbitration bus and acquires the right to use 
the data bus after having gone through an arbitra- 
tion procedure using said arbitration bus, to use 
said data bus, wherein the communication control 
method monitors signals on the arbitration bus and, 
if a request to use the data bus is issued from the 
arbiter's own bus master, executes a process, de- 
pending on the result of monitoring, among the 
processes including: 

[1] a process wherein, if noarbitration is carried 
out on the arbitration bus after the arbiter's own 
bus master has finished using the data bus, the 
bus master acquires the right to use the data 
bus without going through the arbitration pro- 
cedure using the arbitration bus; and 
[2] a process wherein, if arbitration is carried 
out on the arbitration bus after the arbiter's own 
bus master has finished using the data bus, the 
bus master acquires the right to use the data 
bus after having gone through the arbitration 
procedure using the arbitration bus. 
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(54) Communication system and communication control method for realizing reliable 
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(57) The present invention contains the following 
features [1] to [5]: 

[1 ] A master station (1 00) and a slave station (500) 
are connected using two redundant buses 
(151,171,152,172). Command frames having the 
same content are sent out to the buses and the 
communication process is changed depending on 
whether or not the contents of these command 
frames when received by a receiving station are 
identical. 

[2] A plurality of units is connected to each bus in a 
multidrop configuration. The line length of the buses 
is defined so that reflected signals from other units 
reach a receiving unit on the buses after the transi- 
tion period of a received signal at that receiving un* 
ends. 

[3J A unit is connected to each bus and the unit is 
provided with a driver IC. Transmission data is first 
encoded into bit signals having a fixed number of 
bit Vs, then the signals are supplied to the driver Ic. 

[4] A plurality of strobe signals is generated at dif- 
ferent timings in a transmitter circuit. As many latch 
circuits as the number of strobe signals are provid- 



ed in a receiver circuit so that data is retained in 
each latch circuit using the strobe signals, one at a 
time. 

[5] In cases where a bus master wants to use a data 
bus again after it has finished using the data bus, 
an examination is carried out in order to check if ar- 
bitration has been carried out using an arbitration 
bus thereafter. 

If no arbitration has been carried out, the arbitration pro- 
cedure using the arbitration bus is skipped and the bus 
master is permitted to acquire the right to use the data 
bus. 
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Method and system for increasing the reliability of the 
information transfer between devices connected by buses. 

The special technical feature is the simultaneous transfer 

of the information over two redundant buses and the addition 
of check bits to said information in order to perform a 
validity test at the receiving end. The special technical 
feature would be classified in the class H84U2/40 in 
combination with the classes H04L25/08 or H04B3/20. 



2. Claims: 9-10 



System for suppressing the effect of reflected signals 
occurring on bus systems 

The special technical feature is the use of zigzag wiring 

pattern for the connection of the units on the printed wire 
board, so that the transition time of a transmission signal 
on the bus is shorter than the time required for the 
transmission signal to make a round trip between any two of 
the units. The special technical feature would be classified 
in the class G06F13/4O+ or HO4L25/08+ or H04B3/20+ 



3. Claim : 11 



System for reducing the effect of ground bounce in a bus 
system 

The special technical feature is the use of a particular 
encoding and code conversion mechanism of the data to be 
transmitted, which converts from n bits to m bit having a 
fixed number of Is. The special technical feature would be 
classified in the classes H03M7/Z0 and H04L25/49. 



4. Claim : 12 



System for realising high-speed and consistent signal on a 

bus. 

The special technical feature the use of a nulti -strobe 
generation circuit at the transmission side and multi-latch 
circuit at the receiving side for holding received data in 
sequential order at the timing of a plurality of strobe 

signals, sanpling them with a reception-side clock whose 
frequency becomes similar to a transmission rate and 
synchronizing the data. The special technical feature would 
be classified in the class H04112/40 in combination with the 
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5. Claims: 13-14 



System and method for bus mediation and arbitration. 

The special technical feature is the use of a monitor for 
mom ton ng signals on the arbitration bus and acquiring the 
bus usage right. When the bus usage demand is output from 
the existing bus masters and when mediation is not performed 
by arbitration bus. the usage rights of data bus are 
acquired by mediator without going through the mediation 
procedure, thus saving any wasteful arbitration time and 
improving system performance. The special technical feature 
would be classified in the class H04L12/403 or H04L12/407 in 
combination with the class G06F13/376. 
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